Abstract: Diagnostic load testing techniques have been used to verify in situ that existing structures have the required load carrying capacity. This paper discusses the diagnostic load testing and finite element modeling (FEM) of a two-way post tensioned concrete slab with the purpose of illustrating the features of this fullscale testing method. The slab was modeled using a commercial finite element package and the results were verified experimentally. The test loads were applied using hydraulic jacks. Negative internal bending moments were generated at critical locations equivalent to those produced by a 92 psf (4.40 kPa) superimposed uniformly distributed load. Positive internal bending moments were also produced equivalent to those resulting from a superimposed load of 159 psf (7.61 kPa). The full-scale diagnostic load testing proved to be a valuable tool for the assessment of the structure's capacity.
INTRODUCTION
Load tests have historically been performed using gravity loads (e.g., water, sand, or bricks) to reproduce uniformly distributed loads for which a structure has been designed.
Normally, load tests of this nature require substantial amounts of shoring to ensure safety of the tested structure. In addition, the application of these types of test loads is time consuming, expensive, and may lack the control that is necessary to ensure safety of the overall structure.
The use of hydraulic jacks to apply test loads according to a pre-established protocol may provide an appealing alternative particularly when a "rapid" load test can be considered acceptable by the engineer. This paper does not advocate the use of a rapid load test as an alternative to the test methodology as specified in Chapter 20 of ACI 318 [3] , rather it illustrates how readily available mechanical and electronic equipment can be used to the advantage of the structural engineering profession. Based on recent experiences on the use of rapid load testing [1] , a report [2] is under consideration of Committee 437 of the American Concrete Institute (ACI) to determine if consensus could be reached on the use of this methodology and a technical document prepared. This paper discusses the results of two load tests conducted on a two-way post-tensioned flat slab using a combination of hydraulic jacks and gravity loads to simulate the effects of uniformly distributed loads. In the current study, a finite element model (FEM) was used to determine the bending moments produced in a slab by the test loads as well as the uniformly distributed design loads. The FEM was used as a preliminary analysis tool in order to determine the approximate magnitudes and locations of the test loads that were needed to achieve the desired results and, in the post-test phase, to determine the magnitudes of the uniformly distributed loads that were simulated. Load tests were performed before and after strengthening of the post-tensioned slab. The purpose of the tests was to demonstrate that the strengthened system was performing as required.
The paper focuses on the method of load testing and the numerical model used for its interpretation. Its objective is to show the potential of the diagnostic load test method as it applies to the evaluation of structural performance. Rapid load testing is envisioned to become a more widespread tool for the assessment of existing structures.
CONCENTRATED VS. UNIFORMALLY DISTRIBUTED LOADS
Historically, load tests conducted on slabs have employed water, sand, or weights for the application of a uniformly distributed load [4] . The problem with these methods of loading is the level of control that one has over the load magnitude. If problems should occur in the structure under such gravity loads, their immediate removal could be dangerous and difficult, if not impossible. When hydraulic jacks are used, the control of the load is significantly improved and the level of safety increased. Using concentrated test loads also localizes their effect so that the capacity of a critical cross section can be verified without loading the entire member to capacity.
Hydraulic jacks allow for a test load to be applied in progressively increasing cycles of loading and unloading, which is a significant advantage in terms of safety and determination of nonelastic behavior. Using hydraulic jacks reduces the amount of time required for the setting up of the load test: protective barriers necessary for water or sand flooding need not be fabricated and because the effects are localized, less shoring is needed.
One drawback that exists with the use of hydraulic jacks is that they require a reaction.
Several practical methods of supplying this reaction have been used including reacting against the floor above or using chains anchored to columns and vehicles [1] .
DESCRIPTION OF TESTED STRUCTURE
The floor that was tested (see Figure 1 ) is a 9-in. 
METHOD OF STRUCTURAL ANALYSIS
Because of the complex nature of the structure under investigation, understanding the internal forces induced by different loading combinations required the use of numerical model.
Using conventional design aides would not have been sufficiently accurate to determine the bending moments induced in the slab due to a combination of concentrated loads (i.e., hydraulic jacks) and gravity loads (i.e., pallets loaded with rolls of paper or sand bags). In addition, because this combination was used to simulate the effects of a uniformly distributed load, the magnitude and location of both the hydraulic jacks and the loaded pallets was to be determined.
By modeling a portion of the tested structure, multiple locations and magnitudes of these loads could be analyzed more efficiently than by hand calculations. Two load test configurations were selected that would assess the performance of the structure along column line E and column line 7 (see Figure 1) .
A commercially available finite element model package [5] was used to model the portion of the structure shaded in Figure 1 . To determine moment and shear distribution, the post-tensioned slab was modeled as linear elastic disregarding the presence of the reinforcement.
The discretized slab is shown in Figure 2 and explained as follows. The mesh is composed of shell elements that are 12 by 12 in (305 by 305 mm). The stiffness of the elements is based on the elastic modulus calculated using the compressive strength of the concrete determined in situ.
The columns are modeled using rotational springs with a spring constant equal to the sum of the rotational stiffness factors of the columns above and below the test member. The drop panels are incorporated into the model by changing the thickness of the elements at the required locations.
Once the model had been created, uniformly distributed loads were applied to produce maximum positive and negative moments at critical locations. Subsequently, locations and magnitudes of combinations of concentrated and gravity loads were applied and their resulting internal forces were determined. The model was also used to predict the maximum deflection encountered under any load configurations.
DESCRIPTION OF LOAD TEST
The load test was conducted as shown in the schematic drawing of Figure 3 . As the jacks extend, they react against the two floors above: the first one by direct contact and the second one engaged by the shoring. In this test, gravity loads were also placed on the member before any load was applied using the hydraulic jacks. These gravity loads consisted of pallets loaded with either sandbags or paper rolls, both of which were available at the site and were easily moved in place by a forklift. Even though these items were not essential, their use was beneficial in this application were the total load needed to exceed 30 ton (267 kN) per jack. The instrumentation consisted of linear variable differential transformers (LVDTs) for measuring deflection and electronic strain gages for measure tensile strains in the reinforcement. All the instrumentation was connected to a data acquisition unit, which allowed for real-time evaluation. Linearity and repeatability of deflection response as well as permanent deformation were monitored throughout the test as the load was applied in progressively increasing cycles. As shown in time history of Figure 4 , the test load was applied in four cycles composed of several load steps. This allowed to: a) constantly monitor the safety of the structure; and b) control the repeatability of its behavior. Two load conditions are described here. This first, Load Case 1, was used to produce the maximum positive bending moment between columns E7 and E8 and the maximum negative bending moment over column E7, both bending about the North-South axis (see Figure 1 ). This load configuration is shown in Figure 5 and Figure 6 . The second condition, Load Case 2, was used to produce the maximum positive bending moment between columns E7 and F7 and the maximum negative bending moment over column E7, both bending about the East-West axis (see Figure 1 ). This load configuration is shown in Figure 7 and Figure 8 .
DISCUSSION OF RESULTS
The experimental deflections were compared to those predicted by the model for the case It can be concluded that the expected deflected shape and deflection magnitude were confirmed during the in situ tests. This provided the necessary level of confidence for the assessment of the structure under the test loads.
ASSESSMENT
The finite element model allowed to determine the uniformly distributed loads that would cause bending moments at selected locations equivalent to those created during the load test. Figure 12 shows the load cases and the induced moment that were investigated. In this figure the shaded areas represent the loaded zones producing maximum positive moments (i.e., 1a and 2a) and maximum negative moments (i.e., 1b and 2b), respectively, for the two Load Cases 1 and 2.
The results are summarized in the Table 1 .
The maximum positive bending moment between columns E7 and E8 was investigated under the uniformly distributed load shown on the shaded area in Figure 12 for Load Case 1a.
The magnitude of this uniformly distributed load (154 psf = 7.37 kPa) corresponds to that which induces a moment (10.5 k-in/in = 46.7 kN-m/m) equivalent to that produced by the test loads. The maximum negative bending moment over column E7 was investigated under the uniformly distributed load shown on the shaded area in Figure 12 for Load Case 1b. The magnitude of this uniformly distributed load corresponds to that which induces a moment equivalent to that produced by the test loads. Figure 14 The maximum positive bending moment between columns E7 and F7 was investigated under the uniformly distributed load shown on the shaded area in Figure 12 for Load Case 2a.
The magnitude of this uniformly distributed load corresponds to that which induces a moment equivalent to that produced by the test loads. Figure 15 shows a bending moment diagrams for both the test loads and a uniformly distributed load of 159 psf (7.61 kPa) producing a maximum positive bending moment of 10.9 k-in/in (48.5 kN-m/m). The maximum positive moment occurs near mid-span under the uniformly distributed load and at the location of the concentrated load for the test load case.
The maximum negative bending moment over column E7 was investigated under the uniformly distributed load shown on the shaded area in Figure 12 for Load Case 2b. The magnitude of this uniformly distributed load corresponds to that which induces a moment equivalent to that produced by the test loads. Figure 16 shows a bending moment diagrams for both the test loads and a uniformly distributed load of 92 psf (4.40 kPa) producing a maximum negative bending moment of -38.6 k-in/in (-172 kN-m/m). The maximum negative moment occurs near the center of the column for both the uniformly distributed load and the test load case.
The magnitude of the uniformly distributed load simulated during the load test was to be equal or to exceed pre-established threshold values. For example, in the case of the positive flexure, the specified threshold was based on 85 percent of the factored design dead and live loads (1.4w DL + 1.7w LL ) minus the dead load in-place at the time of testing. When designing the load test that would simulate the uniformly distributed loads specified by the engineer, consideration was also given to the shear forces that would be induced by the concentrated test loads.
CONCLUSIONS
A case study is reported that discusses the testing of a two-way post-tensioned concrete slab using a combination of concentrated and gravity loads. Concentrated loads, applied by hydraulic jacks, were used to produce the effects of uniformly distributed design loads in terms of peak forces at pre-selected locations. Hydraulic jacks allow a structure to be cyclically loaded more easily than with conventional methods (e.g., sand or water). Because hydraulic jacks offer significant load control, performing a load test may become safer and set-up time may be greatly reduced.
Diagnostic load testing techniques can be used for the assessment of existing structures.
The cyclic nature of the loading provides more information about the condition of a member than a single loading cycle. Continuous monitoring during loading-unloading cycles allows for safe performance of the test and assessment of structural response parameters such as linearity, repeatability, and permanence of deformation.
Consideration must be given to the differences that arise with the application of concentrated loads rather the uniformly distributed loads and suitable analytical tools need to be used. For this case study, a finite element model was used.
When long-term effects are of interest, the diagnostic load testing technique would require constant load application for a suitable length of time. In other instances, "rapid" cyclic loading could be appropriate. 
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